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 Kalman filter is a sequential estimation problem 
normally based on the Innovations approach. The 
problem is normally stated as: 
 Given a sequence of noisy observations to 
estimate the sequence of state vectors of a 
linear system driven by noise. 
 Linear Model formulation 
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 The  unscented  transformation  (UT)  is  a 
method  for  calculating  the  statistics  of  a 
random  variable  which  undergoes  a 
nonlinear transformation.  

 It  is  based  on  the  fact  that  it  is  easier  to 
approximate  a  probability  distribution  than 
an arbitrary nonlinear function. 

 Does not suffer from some of pitfalls of the 
Extended Kalman filter 
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Dynamic model in orbiting Cartesian frame: 
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Fig. 1a. GLONASS satellite position 
prediction normalised to orbit radius 
versus time in minutes. 
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Fig. 1b. GLONASS satellite 
normalised velocity prediction 
versus time in minutes. 
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Fig. 2a. GLONASS satellite 
position prediction error versus 

time in minutes.  

Fig. 2b. GLONASS satellite 
velocity prediction error versus 

time in minutes.  
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Fig. 3a GLONASS satellite UKF 
based position estimate error 

versus time in minutes. 

Fig. 3b GLONASS satellite UKF 
based velocity estimate error 

versus time in minutes. 
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Fig. 4 GLONASS satellite UKF based pseudo-range 
estimate error versus time in minutes. 

Maximum UKF based pseudo-range 
estimate error is below 10 m 
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Maximum  modified  UKF  based  pseudo-range 
estimate error is below 1 mm 
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Fig. 6 GLONASS satellite modified UKF based 
pseudo-range estimate error versus time in minutes. 
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Fig. 7a GLONASS satellite adaptive 
UKF based position estimate error 

versus time in minutes. 
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Fig. 7b GLONASS satellite adaptive 
UKF based velocity estimate error 

versus time in minutes. 



Oct. 28-30, 2008

Fig. 8 GLONASS satellite adaptive UKF based 
pseudo-range estimate error versus time in minutes. 
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